K i y o h a r a ) , and p i n e sawyers, Monochamus s p p . , a r e t h e primary c a u s a l a g e n t s of t h e p i n e w i l t d i s e a s e . Although t h e impact of t h e p i n e w i l t complex on f o r e s t s i n Japan h a s been w e l l documented (Mamiya 1983 , 1 9 8 4 ) , t h e r o l e of t h e d i s e a s e i n t h e United S t a t e s i s s t i l l b e i n g d e f i n e d (Wingfield and o t h e r s 1 9 8 2 ) . I n most c a s e s , p i n e w i l t is a s s o c i a t e d w i t h exposure t o environmental stress (Mamiya 1983 (Mamiya , 1984  Wingfield and o t h e r s 1 9 8 2 ) . The d i s e a s e was n o t c o n s i d e r e d a problem i n s o u t h e r n p i n e s u n t i l t h e pinewood nematode was d i s c o v e r e d i n dying p i n e s i n s e v e r a l seed o r c h a r d s (Dwinell and Barrows-Broaddus 1983) .
A l l 43 s p e c i e s of Bursaphelenchus d e s c r i b e d i n t h e l i t e r a t u r e have a phor e t i c r e l a t i o n s h i p with i n s e c t s , espec i a l l y bark b e e t l e s and wood b o r e r s , and a l l a r e mycophagous (Massey 1974; Hiihrn 1956 ; T a r j a n and Aragon 1 9 8 2 ) . The pinewood nematode, however, i s a f a c u lt a t i v e p a r a s i t e capable o f l i v i n g and reproducing on both f u n g i and h i g h e r p l a n t s (mainly Pinus spp. ) (Mamiya 1981 (Mamiya , 1984 . Adult p i n e sawyers (Monochamus s p p . ) , which a r e wood b o r e r s , a r e vect o r s of t h e pinewood nematode and o t h e r s p e c i e s of Bursaphelenchus. The b o r e r s c o l o n i z e p i n e l o g s h e l d i n s t o r a g e o r p i n e s weakened o r k i l l e d by n a t u r a l o r manmade s t r e s s e s ( K e l l r i g l 1971; Webb
1.909). The pinewood nematode i s t r a n sm i t t e d by mature b e e t l e s f e e d i n g on s h o o t s of s t r e s s e d t r e e s o r o v i p o s i t i n g i n dying t r e e s o r c u t timber (Luzzi and o t h e r s 1984; Wingfield 1983).
I n 1984, t h e pinewood nematode was found i n f e s t i n g wood c h i p s exported from North America. Finland placed a perman e n t embargo on raw softwood shipments from t h e United S t a t e s , Canada, Japan, and o t h e r i n f e s t e d regions of t h e world. The o t h e r Nordic c o u n t r i e s have followed s u i t . The c u r t a i l m e n t of southern p i n e c h i p e x p o r t s t o Nordic c o u n t r i e s would r e p r e s e n t about a $20 m i l l i o n p e r y e a r l o s s t o southern f o r e s t r y .
A t t h e s h i p p i n g terminal (Woodchip Export Co.) i n Savannah, GA, c h i p s of s o u t h e r n p i n e a r e accumulated i n two p i l e s ; each c o n t a i n s 15,000 t o 20,000 t when l o a d i n g of an ocean v e s s e l begins ( f i g . 1
Normally, i t t a k e s 6 t o 8 weeks t o accumulate t h e required tonnage of wood c h i p s (about 35,000 t ) . An e s t i m a t e d 70 p e r c e n t of t h e c h i p s a r e
from s l a s h p i n e (Pinus e l l i o t t i i Engelm. v a r . e l l i o t t i i ) and 30 percent a r e from l o b l o l l y p i n e ( P . t a e d a L . ) (Wayne Stubbs , ~e r s o n a i communication) .
The development of micro-organisms i n t h e c h i p p i l e s i s mainly governed by temperature, The temperature i n a c h i p p i l e depends on t h e ambient temperature, t h e s i z e and compaction of t h e p i l e , and t h e f i n e s and bark c o n t e n t of t h e c h i p s (Bergman 1985) . Regardless of t h e ambient temperature, t h e i n t e r i o r of t h e 0 p i l e r a p i d l y r i s e s t o 60 C. The t e mp e r a t u r e of t h e o u t e r l a y e r , o r s h e l l of t h e p i l e , i s u s u a l l y below t h e ambient temperature (Bergman 1985; Rothrock and o t h e r s 1961; S a u c i e r and M i l l e r 1961; Schmidt 1969; S p r i n g e r and Haljny 1970). The i n i t i a l spontaneous h e a t i n g i n p i l e d wood c h i p s i s a t t r i b u t e d p r i m a r i l y t o h e a t r e l e a s e d by r e s p i r a t i o n i n l i v i n g sapwood c e l l s (Bergman 1985; Springer and Haljny 1970) . To develop s t r a t e g i e s f o r c o n t r o ll i n g t h e pinewood nematode i n s o u t h e r n p i n e c h i p s , i n f o r m a t i o n i s needed on t h e b i o l o g y of t h e organism i n t h i s unique e c o l o g i c a l n i c h e . The s t u d i e s d e s c r i b e d h e r e were undertaken t o determine:
What t y p e s of c h i p s harbor t h e nematode.
* E f f e c t s of temperature on t h e reprod u c t i o n of t h e nematode i n c h i p s . * I n f l u e n c e of b l u e s t a i n f u n g i i n c h i p s on nematode p o p u l a t i o n s .
I n f l u e n c e of c h i p moisture on nematode p o p u l a t i o n dynamics. E f f e c t s o f a n a e r o b i c c o n d i t i o n s on nematode s u r v i v a l . E f f e c t s of c o v e r i n g c h i p p i l e s with p l a s t i c on t h e thermodynamics of t h e p i l e , a s w e l l a s changes i n nematode p o p u l a t i o n s .
e P a t h o g e n i c i t y t o p i n e s e e d l i n g s .
Methods and Materials

Nematode Assay
Nematodes were e x t r a c t e d from c h i p s by t h e p i e -t i n technique of Kable and Mai ( 1 9 6 8 ) . Samples were incubated f o r 18 t o 20 hours a t 25 OC and c o l l e c t e d on a 325-mesh s c r e e n . The e x t r a c t e d nematodes were c o n c e n t r a t e d i n 10 mL of d e i o n i z e d water. Nematodes i n a 1-mL a l i q u o t were counted under a Wild d i ss e c t i n g microscope and expressed a s t h e number p e r gram o f f r e s h wood weight.
I n some experiments, t h e p o p u l a t i o n d e n s i t i e s were i n c r e a s e d i n c h i p l o t s by s p r a y i n g t h e c h i p s with a pinewood nemat o d e suspension. The population of t h e pinewood nematode used i n t h e s e e x p e r iments was o r i g i n a l l y i s o l a t e d from V i r g i n i a p i n e s ( P i n u s v i r g i n i a n a M i l l . ) i n a s e e d orchard i n Alabama. It was r e a r e d on B o t r y t i s c i n e r e a P e r s , ex F r . growing on p o t a t o -d e x t r o s e a g a r a t 25 C. Nematodes were e x t r a c t e d from 7-t o 10-day-old c u l t u r e s by t h e p i e -t i n t e c h n i q u e , t h e n c o l l e c t e d on a 325-mesh s c r e e n .
Chip t y p e s . Samples of t h e followi n g c h i p t y p e s were screened f o r nemat o d e s :
( ( 3 ) I n t e r i o r --C h i p s were c o l l e c t e d from t h e i n t e r i o r of t h e 0 p i l e where t h e temperature was 60 C . ( 4 ) Foundation--Chips t h a t were darks t a i n e d , had accumulated on t h e ground over s e v e r a l y e a r s , and had served a s t h e b a s e f o r t h e new c h i p p i l e . A t t h e end of t h e i n c u b a t i o n p e r i o d s , t h e samples were assayed f o r nematodes. Data were s u b j e c t e d t o s p l i t -p l o t a n a l y s i s of v a r i a n c e , with time a s t h e main p l o t .
Temperature. The population d e n s i t y of t h e nematodes i n 6 kg of f r e s h s o u t he r n p i n e c h i p s was i n c r e a s e d by s p r a y i n g t h e c h i p s with 200 mL of a suspension c o n t a i n i n g 1 , 2 5 0 pinewood nematodes/mL. These i n f e s t e d c h i p s were mixed and s t o r e d i n a p l a s t i c bag a t 25 OC f o r 1 week, These c h i p s were then d i v i d e d i n t o 50-g samples, placed i n z i p -l o c k bags, and incubated a t 25, 30, 40, 50, a n d 6 0°c .
A f t e r 1 , 2 , 3, 4, a n d 5 days, two samples ( r e p l i c a t i o n s ) were removed from each i n c u b a t o r and assayed f o r pinewood nematodes, Data were subj e c t e d t o s p l i t -p l o t a n a l y s i s o f v a r iance p r o c e d u r e s , with temperature a s t h e main p l o t .
I n a second temperature s t u d y , 6 kg of wood c h i p s were heated i n an oven a t 60 OC f o r 24 h o u r s , s p r e a d on a t a b l e , and sprayed with 200 mL of a suspension c o n t a i n i n g 1 , 0 0 0 pinewood nematodeslml. These i n f e s t e d c h i p s were incubated a t 25 OC f o r 2 weeks and then divided i n t o 50-g samples placed i n zip-lock bags. The samples ~e r e~i n c u b a t e d a t 25, 30, 35, 40, 44 , and 48 C. A f t e r i n c u b a t i o n p e r i o d s of 1 , 3 , '7, 1 4 , and 21 days, f o u r samples a t each temperat u r e were assayed f o r t h e pinewood nematode. Data were s u b j e c t e d t o s p l i tp l o t a n a l y s i s of v a r i a n c e , with temperat u r e a s t h e main p l o t .
Wood c h i p s n a t u r a l l y i n f e s t e d with t h e pinewood nematode were incubated f o r 4 days a t 25 and 40 OC. Each t r e a tment was r e p l i c a t e d t h r e e times, and t h e sample s i z e was 75 g. Aliquots of t h e c o l l e c t e d nematodes were examined with a compound microscope, and t h e proportions o f males, females, and j u v e n i l e s were determined f o r l5O nematodes a t each i n c u b a t i o n temperature.
F i f t y -g samples of 10 l o t s of c h i p s were taken from t r u c k and r a i l c a r s h i pments t o t h e t e r m i n a l d u r i n g J u l y 1-5,
They were incubated i n zip-lock bags a t 25 and 40 OC f o r 4 days. The samples were assayed f o r t h e pinewood nematode a t t h e end of t h e incubation p e r i o d , and t h e d a t a were compared by t-test f o r p a i r e d samples. -
To s t u d y e f f e c t s of high temperat u r e s on t h e pinewood nematode, 50-g samples of n a t u r a l l y i n f e s t e d chips were placed i n zip-lock bags and incubated a t 50 and 60 OC f o r 1 , 2 , 3 , 5 , 1 , and 24 hours. Each treatment combination was r e p l i c a t e d s i x times. The nematode population d e n s i t y was determined a t t h e beginning of t h e experiment by assaying t h r e e 50-g samples. The treatment samples were assayed f o r t h e pinewood nematode a t t h e end of each incubation p e r i o d . The d a t a were n o t s u b j e c t e d t o s t a t i s t i c a l a n a l y s i s .
To determine t h e e f f e c t s of low temperature on nematode d e n s i t y , 3.6 kg o f chips--returned t o t h e United S t a t e s following a shipment t o Sweden--were d i v i d e d i n t o 50-g samples. Samples were placed i n zip-lock bags an8 incubated a t -20, 0 , 5 , 10, 1 5 , and 20 C. A f t e r i n c u b a t i o n p e r i o d s of 1 , 3 , 7 , o r 14 days, t h r e e samples from each temperat u r e were assayed f o r t h e pinewood nematode. Data were s u b j e c t e d t o s p l i tp l o t a n a l y s i s of v a r i a n c e , with time as t h e main p l o t .
An experiment was a l s o conducted t o determine t h e e f f e c t of temperature on t h e pinewood nematode i n autoclaved southern p i n e c h i p s . Approximately 2.4 kg of c h i p s were autoclaved f o r 45 minutes, allowed t o c o o l , then dipped i n a suspension of c o n i d i a t h a t had been c o l l e c t e d from c u l t u r e s t h e b l u e s t a i n fungus, C e r g t o c y s t i s s p . , grows on malt a g a r a t 25 u~. The c o n i d i a were washed from t h r e e c u l t u r e p l a t e s and suspended i n 2 L of s t e r i l e deionized water. A f t e r dipping, t h e chips were d r a i n e d and incubgted i n t h e l a b o r a t o r y f o r 3 days a t 25 C. They were spread on a p l a s t i c t r a y and evenly sprayed with a 100 mL suspension of pinewood nematodes (1,00O/mL). Four days l a t e r , t h e s e i n f e s t e d c h i p s were divided i n t o 50-g samples, placed i n zip-lock bags and incubated a t 25, 30, 35, and 40 06 f o r 1 , 3 , 6 , and 9 days. There were t h r e e r e p l i c a t i o n s of each treatment combination. Data were s u b j e c t e d t o two-way a n a l y s i s of v a r i a n c e .
Bluestain. On J u l y 1-5, 1985, a t o t a l of 38 t r u c k and r a i l c a r shipments t o t h e e x p o r t e r were randomly sampled. I n d i v i d u a l c h i p s from 100-g subsamples were s e p a r a t e d according t o presence o r absence of b l u e s t a i n . The r e s u l t i n g subsamples were reweighed, and t h e percentage of weight by c h i p s with o r witho u t b l u e s t a i n was determined f o r each of t h e 38 l o t s . The samples were then r e a d j u s t e d s o t h a t each group had a f r e s h weight of 50 g. These a d j u s t e d samples were assayed f o r nematodes, and d a t a were compared by t h e t -t e s t f o r p a i r e d o b s e r v a t i o n s .
Ten of t h e 38 l o t s t h a t had been d i v i d e d i n t o subsamples containing c h i p s
with o r without b l u e s t a i n were incubated i n zip-lock bags a t 40 OC f o r 6 days and then assayed f o r nematodes. The sample weight was 50 g , and each t r e a tment combination was r e p l i c a t e d twice. Data were s u b j e c t e d t o two-way a n a l y s i s of v a r i a n c e and &-test f o r p a i r e d o b s e r v a t i o n s .
Chip moisture. The i n f l u e n c e of chip moisture on nematode population d e n s i t y was i n v e s t i g a t e d . From a 1.2-kg sample of chips n a t u r a l l y i n f e s t e d by t h e pinewood nematode, 25-g samples were randomly s e l e c t e d and placed i n t a r e d weighing d i s h e s . The r e s u l t i n g 45 samp l e s were placed i n d e s i c c a t o r s containi n g calcium c h l o r i d e , water, o r n e i t h e r (150samples/treatment) and incubated a t 35 C. S i x samples were assayed f o r nematodes t o determine t h e base l e v e l .
After incubation periods of 2 , 5 , 9 , 13, and 21 days, t h r e e samples were removed from each c o n t a i n e r , weighed t o d e t e rmine t h e percentage of moisture l o s s , and assayed f o r nematodes. Data were s u b j e c t e d t o two-way a n a l y s i s of v a r iance and r e g r e s s i o n .
Anaerobic environment. E f f e c t s of an anaerobic environment (C02) on nematode population d e n s i t i e s i n pine chips were s t u d i e d i n GasPak Plus Anaerobic J a r System (BBL Microbiology Systems, Cockeyville, MO 21030). I n one experiment, 39-g samples of s i x randomly s e l e c t e d l o t s of chips were placed i n . p e t r i d i s h e s , s e a l e d i n a GasPak, and incubated a t 38 OC f o r 3 days. The c o n t r o l samples were concurrently incubated i n an a e r o b i c environment a t t h e same temperature. A t t h e end of t h e experiment, t h e samples were assayed f o r nematodes, and t h e d a t a were compared by t-test f o r p a i r e d observations. -I n a second experiment, t h e base nematode population d e n s i t i e s were determined. Then 39-g samples of 10 randomly s e l e c t e d l o t s of chips were incubated f o r 5 days a t 38 OC i n an aerobic environment and t r a n s f e r r e d t o an anaerobic environment f o r 3 days. Two sets of c o n t r o l s , incubated i n an aerobic environment a t 38 OC f o r 5 t o 8 days, were included. The samples were assayed f o r nematodes a t 5 o r 8 days.
Data were compared by t -t e s t f o r paired observations. Chip piles. A study was conducted t o l e a r n about thermodynamics of p i l e d chips and t h e e f f e c t s of h e a t on nematode population dynamics i n chip p i l e s .
Two cone-shaped chip p i l e s , 6 m i n diameter a t t h e base and 2.4-m h e i g h t were . 2 ) . Each l a y e r was implanted with 450 g c h i p samples i n f e s t e d with nematodes and enclosed i n p l a s t i c hardware c l o t h . The numbers of samples f o r l a y e r 1 (bottom), 2 , 3 , and 4 (peak) were 4 , 3, 2 , and 1 , r e s p e c t i v e l y . Five t h e r m i s t o r probes were placed a t d i f f e r e n t l o c a t i o n s i n t h e p i l e s and connected t o an analog telethermometer (Model 47, Yellow Springs Instruments, I n c , , Yellow Springs, OH) housed i n a standard weather s t a t i o n enclosure l o c a t e d between t h e p i l e s . An eleventh probe measured ambient temperature. One of t h e p i l e s was covered with a s h e e t of 4 -m i l p l a s t i c ; t h e o t h e r was l e f t uncove r e d . The temperatures were recorded Monday through Friday a t 0800, 1200, and 1600 hours,
C O V E R E D U N C O V E R E D
The study was e s t a b l i s h e d August 26, 1985, and terminated September 12, 1985. A t t h e conclusion of t h e study, t h e chip
o c a t i o n w i t h i n t h e p i l e by t -t e s t f o r p a i r e d o b s e r v a t i o n s .
-P a t h o g e n i c i t y . The pinewood nemat o d e s e x t r a c t e d from 10 l o t s of c h i p s t h a t hgd been incubated f o r 4 days a t 25 o r 40 C were used i n a preliminary s t u d y on p a t h o g e n i c i t y t o 2-year-old s e e d l i n g s of s l a s h p i n e i n a greenhouse. S e e d l i n g s were grown i n p l a s t i c f l a t s ( 3 3 x 1 3~1 1 cm) c o n t a i n i n g a mixture of s o i l , p i n e b a r k , and sand (2:1:1, v / v ) . Each f l a t contained 10 s e e d l i n g s t h a t had been t r a n s p l a n t e d when they were 1 y e a r o l d .
The 20 populations used a s i n o c u l a were a d j u s t e d t o 1,000 nematodes/mL. 
S i n c e t h e i n o c u l a were from n a t u r a l l y i n f e s t e d c h i p s , o t h e r nematode s p e c i e s and a s s o c i a t e d organisms were n o t removed from t h e inoculum suspension. To i n o c u l a t e each s e e d l i n g , an a r e a ( 3 mm x 10 mm) of bark on t h e main stem was removed, then a p i e c e of s t e r i l e , absorbent c o t t o n c o n t a i n i n g 200 pinewood nematodes was a t t a c h e d with
A t t h e conclusion of t h e experiment, s e e d l i n g m o r t a l i t y was recorded. Then a l l s e e d l i n g s were sampled f o r nematodes by e x t r a c t i n g from 25-mm s e c t i o n s of t h e stem d i r e c t l y below t h e i n o c u l a t i o n p o i n t and a t t h e base of t h e s e e d l i n g . S e c t i o n s were incubated i n 5 mL of water i n s e p a r a t e t e s t tubes a t 25 OC f o r 20 hours. Extracted nematodes were n o t counted. M o r t a l i t y d a t a (25 v s . 40 O C ) were compared by u s i n g t h e t -t e s t f o r p a i r e d o b s e r v a t i o n s . R e s u l t s Chip t y p e s . Most of t h e nematodes e x t r a c t e d were s a p r o b i c s p e c i e s r a t h e r than pinewood nematodes. An a n a l y s i s o f v a r i a n c e of t h e t o t a l nematode o r pinewood nematode population d e n s i t i e s showed t h a t t h e experimental v a r i a t i o n was caused by c h i p types o r mixes and n o t by i n c u b a t i o n p e r i o d o r treatment i n t e r a c t i o n s .
There was, however, a n o t a b l e i n c r e a s e i n g e n e r a l nematode d e n s i t i e s i n f r e s h c h i p s between week 2 and week 8 of i n c u b a t i o n ( t a b l e 1 ) . Of t h e f o u r main c h i p types s t u d i e d , nematodes were most numerous i n s h e l l and f r e s h c h i p s . There were s i g n i f i c a n t l y (P=0. + [348 x 75])/100, whereas t h e a c t u a l count was 789 and 743 nematodes/g, r e s p e c t i v e l y , Mixing s h e l l chips with foundation c h i p s a p p a r e n t l y d i d n o t i n f l u e n c e nematode population d e n s i t i e s i n t h e same manner, because t h e a c t u a l count of 66 nematodes/g was l e s s than t h e p r e d i c t e d count of 120 nematodeslg (C57 x 751 + 1348 x 251)/1004
01) fewer nematodes i n t h e i n t e r i o r and foundation c h i p s , The h i g h e s t t o t a l nematode d e n s i t i e s were found i n t h e t r e a t m e n t s having s h e l l c h i p s mixed with i n t e r i o r o r f r e s h c h i p s p r i o r t o incubat i o n . Also, t h e nematode l e v e l s i n mixtures exceeded those t h a t would have been p r e d i c t e d based on t h e l e v e l s recorded f o r t h e i n d i v i d u a l c h i p types. The p r e d i c t e d mean nematode count f o r i n t e r i o r
The a n a l y s i s of v a r i a n c e showed t h a t population d e n s i t i e s of t h e pinewood nematode i n t h e c h i p s were r e l a t e d t o an i n t e r a c t i o n of c h i p types with incubat i o n p e r i o d . T h i s i n t e r a c t i o n was r e f l e c t e d p r i m a r i l y i n t h e s i g n i f i c a n t (P=0.01) i n c r e a s e i n pinewood nematode counts i n t h e f r e s h c h i p s between t h e 2-and 8-week i n c u b a t i o n p e r i o d s and t h e decrease i n counts i n t h e i n t e r i o r + s h e l l mix d u r i n g t h i s p e r i o d , The counts i n o t h e r t r e a t m e n t s ( c h i p types o r mixes) were n o t a f f e c t e d by incubat i o n p e r i o d . Pinewood nematodes were recovered from only s h e l l and f r e s h c h i p s and were n o t found i n i n t e r i o r o r foundation c h i p s .
Temperature. Temperature had a marked i n f l u e n c e on t h e reproduction and 
s u r v i v a l o f t h e pinewood nematode i n t h e s e s t u d i e s . I n t h e i n i t i a l e x p e r iment, t h e nematode p o p u l a t i o n d e n s i t y a t 40 OC i n c r e a s e d s i g n i f i c a n t l y (P=O. 01 )
o v e r time ( f i g . 3 ) . Afte; 5 days, t h e p o p u l a t i o n d e n s i t y a t 40 C was 15 times t h e average d e n s i t y f o r 25 and 30 0 C. A f t e r 1 day, t h e number of nemat o d e s i n c h i p s incubated a t 50 and 60 0 C was z e r o . A t 25 and 30 OC, t h e r e was no s i g n i f i c a n t change i n t h e populat i o n d e n s i t i e s d u r i n g t h e p e r i o d of t h e experiment. I n n a t u r a l l y i n f e s t e d wood c h i p s , 102 nematodes/g were e x t r a c t e d from samples incubated f o r 4 days a t 25 0 C and 646 nematodes/g a t 40 OC. A t 25 OC, 1 3 , 1 7 , and 70 p e r c e n t of 150 nematodes examined were males, females, and j u v e n i l e s , r e s p e c t i v e l y . A t 40 OC, 10, 29, and 61 p e r c e n t were males, females, and j u v e n i l e s , r e s p e c t i v e l y . Only t h e p r o p a g a t i v e forms of t h e nemat o d e were observed, I n t h e second experiment, t h e analysis of v a r i a n c e showed t h a t e x p e r i~n e n t a l v a r i a t i o n was i n f l u e n c e d by t h e time x temperature i n t e r a c t i o n ( P = 0 . 0 1 ) . A t 25 and 30 OC, t h e nematode d e n s i t i e s d e c l i n e d from 55 nematodeslg a t day 1 t o 3 nematodes/g a t day 2 1 ( f i g . 4). A t 35 C, t h e p o p u l a t i o n d e n s i t i e s were 1.18 and 122 nematodeslg on days 3 and 7, r e s p e c t i v e l y , and then d e c l i n e d t o l o w e r d e n s i t i e s a t l a t e r p e r i o d s . A t day 21, however, t h e nematode d e n s i t i e s were s t i l l 2.6 times g r e a t e r than t h o s e i n t h e 25 and 30 OC t r e a t m e g t s . The nematode d e n s i t i e s i n t h e 40 C treatment i n c r e a s e d t o 250 nematodeslg by day 3 and 
t h e n d e c l i n e d t o lower d e n s i t i e s a t l a t e r p e r i o d s . A f t e r day 21, t h e s e d e n s i t i e s approached t h o s e i n t h e 35 OC t r e a tment. The temperature o f t h e i n c u b a t o r
s / g by day 3 when t h e temperature had i n c r e a s e d t o 45 OC, and remained l o g u n t i l t h e end of t h e s t u d y . A t 48 C, t h e p o p u l a t i o n d e n s i t y averaged 0.7 nemat o d e s / g o v e r t i m e , The pinewood nematode i n c r e a s e d s i g n i f i c a n t l y o v e r time a t t e m p e r a t u r e s between 35 and 44 OC i n t h i s s t u d y , w i t h optimum f o r nematode 0 r e p r o d u c t i o n i n t h e 40 C t r e a t m e n t .
I n t h e temperature experiment where t h e c h i p s had been a u t o c l a v e d and inocul a t e d w i t h t h e b l u e s t a i n fungus p r i o r t o b e i n g i n f e s t e d w i t h t h e pinewood nemat o d e , t h e a n a l y s i s of v a r i a n c e showed experimental v a r i a t i o n was due t o t h e main e f f e c t s ( t i m e and temperature) .
Among a l l f o u r i n c u b a t i o n t e m p e r a t u r e s , t h e nematode p o p u l a t i o n d e n s i t y d e c l i n e d a t day 3, t h e n r e t u r n e d t o t h e base l e v e l by day 6 ( t a b l e 2 ) . The mean number o f nematodes e x t r a c t e d o v e r time was 89 nematodes/g a t 35 OC, which was s i g n i fi c a n t l y (P=0.01) g r e a t e r than t h e 59 When samples of 10 l o t s of n a t u r a l l y i n f e s t e d wood c h i p s were incubated a t 25 and 40 OC f o r 4 days, t h e r e was n o t i c ea b l e l o t -t o -l o t v a r i a t i o n i n response t o temperature ( t a b l e 3 ) . I n l o t 3, f o r example, t h e r e was a t h r e e f o l d i n c r e a s e i n nematode l e v e l s between 25 and 40 0 C. I n l o t 9, however, t h e d e n s i t i e s 0 were h i g h e r a t 25 C than a t 40 O C .
Nevertheless, 10 l o t s were s i g n i f i c a n t l y d i f f e r e n t ( g = 0 . 0 1 ) , and t h e average i n c r e a s e i n t h e po u l a t i o n d e n s i t y 8 between 25 and 40 C was 1 . 6 times.
The pinewood nematode t o l e r a t e d temperatures g r e a t e r than 50 OC f o r no more than a few hours ( t a b l e 4 ) . A f t e r 1 hour a t 50 OC, t h e nematode populat i o n d e n s i t y was 47 p e r c e n t of t h e base l e v e l . A f t e r 13 hours, no pinewood nematodes were recovered from c h i p samples. A f t e r 1 hour a t 60 OC, t h e p o p u l a t i o n d e n s i t y was reduced by 99.8 p e r c e n t , compared with t h e base l e v e l , and a f t e r 5 h o u r s , no nematodes were recovered from c h i p samples. I n a low temperature experiment, t h e a n a l y s i s o f v a r i a n c e showed t h e e x p e r imental v a r i a t i o n was a t t r i b u t e d t o t h e temperature x time i n t e r a c t i o n ( P = O . O l ) ( f i g . 5 ) . Nematodes s u r v i v e d i n wood c h i p s f o r o n l y 3 days a t -20 OC. The p o p u l a t i o n d e n s i t i e s were f a i r l y cons t a n t over time a t 0 , 5 , and 10 OC.
A t 15 OC, t h e r e was an i n c r e a s e i n nematode d e n s i t i e s a t days 3 and 7 , followed by a g r a d u a l d e c r e a s e t o day 14. Bluestain. Pinewood nematodes were recovered from 92 percent of t h e 38 l o t s sampled from J u l y 1-5, 1985. The mean percentage by weight of wood chips with b l u e s t a i n was 45 percent. The mean number of nematodes/g was 107 f o r chips with b l u e s t a i n . This number was s i g n i fi c a n t l y (P=0.01) g r e a t e r than t h e 82 nematodes/g f o r chips without b l u e s t a i n .
When 10 l o t s of chips were divided i n t o samples with o r without b l u e s t a i n and incubated a t 40 OC f o r 6 days, t h e a n a l y s i s of variance found t h a t experimental v a r i a t i o n was due t o l o t s . The mean number of 669 nematodes/g e x t r a c t e d was somewhat higher than t h e 624 nematodes/g e x t r a c t e d i n a previous study ( s e e t a b l e 2 ) . Based on a t -t e s t f o r paiped observations, t h e r e were s i g n i f ic a n t l y (P=0.01) more nematodes i n t h e b l u e s t a i n chips (747 nematodes/g) than i n chips without b l u e s t a i n (591 nemat o d e s f g ) . These p o~u l a t i o n d e n s i t i e s a r e approximately seven times those a t 40 OC i n a previous comparison (107 and 82 nematodes/g, r e s p e c t i v e l y ) . This r e s u l t i n d i c a t e s t h a t t h e e f f e c t of temperature was a d d i t i v e .
Chip moisture. Wood moisture marke d l y a f f e c t e d t h e population d e n s i t i e s of nematodes i n pine chips ( f i g . 6 ) . After 5 days, t h e nematode d e n s i t i e s i n t h e chips declined a s t h e percentage of moisture i n t h e chips declined, I n t h e c o n t r o l , t h e nematode l e v e l i n t h e chips declined from 40 nematodeslg t o 26 nemat o d e s l g a s t h e percentage of moisture l o s s reached 22. The nematode l e v e l a l s o decreased i n chips incubated over water, Anaerobic environment. I n t h e f i r s t study of pinewood nematode i n an anaerob i c environment, t h e population d e n s i t y was 157 nematodes/g f o r chhps i n an aerobic environment a t 38 C a f t e r 3 days. Under anaerobic conditions under t h e same temperature a f t e r 3 days, t h e population l e v e l was e i g h t nematodes/g. I n t h e second experiment, t h e base (time 0 ) mean nematode d e n s i t y was 10 nematodes/g f o r t h e 10 ch6p samples.
After 5 and 8 days a t 38 C i n an aerobic environment, t h e population l e v e l was 43 and 40 nematodes/g, r e s p e c t i v e l y . When chip samples were incubated f o r 5 days i n an aerobic environment and then t r a n s f e r r e d t o anaerobic conditions f o r 3 days, t h e population d e n s i t y dropped t o 4 nematodes/g. Chip piles. There were s i g n i f ic a n t l y (P=0.01) fewer pinewood nematodes (8 nematodesig) i n t h e samples incubated i n t h e c h i p p i l e covered with p l a s t i c than i n samples from t h e uncovered p i l e (30 nematodes/g). I n t h e covered c h i p p i l e , t h e h i g h e s t nematode d e n s i t y was found i n t h e samplas placed i n t h e s h e l l o f t h e lower o r f i r s t l e v e l . The tempe r a t u r e a t t h i s l o c a t i o n averaged 41 0 C and never exceeded 45 OC. For t h e rest of t h e p i l e , t h e temperature averaged 43.9 OC and exceeded 45 OC f o r 6 0 t o 366 h o u r s , depending on t h e l o c a t i o n of t h e probe. I n t h e uncovered p i l e , t h e h i g h e s t nematode d e n s i t y (52 nematodeslg) was i n t h e c e n t e r sample of t h e second l a y e r . The temperature of t h e uncovered p i l e averaged 30.2 OC f o r t h e f i v e probes. The mean ambient 0 temperature was 30.2 C . The temperat u r e i n c r e a s e i n t h e covered p i l e was l a r g e l y due t o s o l a r r a d i a t i o n .
Pathogenicity. I n t h e p a t h o g e n i c i t y s t u d y , 20 p e r c e n t of t h e s l a s h p i n e s e e d l i n g s i n o c u l a t e d with 20 (10 c h i p l o t s x 2 temperatures) populations of t h e pinewood nematode d i e d w i t h i n 16 weeks. There was no s i g n i f i c a n t d i f f e re n c e , according t o t -t e s t f o r p a i r e d o b s e r v a t i o n s , between t h e nematode g o p u l a t i o n s from c h i p s incubated a t 25 C ( 2 2 p e r c e n t m o r t a l i t y ) and 40 OC (18 p e r c e n t m o r t a l i t y ) . There was no l o t -t o -l o t v a r i a t i o n . None of t h e cont r o l s e e d l i n g s d i e d . Pinewood nematodes were t h e o n l y nematodes recovered from symptomatic s e e d l i n g s .
